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Introduction

When engineers and researchers set out to simulate a real world problem using finite element analysis (FEA), the
first hurdle they encounter is meshing. Meshing transforms a continuous geometry into a discrete set of elements

that can be processed by a computer. In the ANSYS ecosystem, the meshing process is both powerful and

intricate, offering a wealth of controls to balance accuracy, computational cost, and convergence. This

comprehensive ANSYS meshing guide will walk you through every stage—from understanding basic concepts to

mastering advanced mesh control techniques—so you can create high quality meshes that deliver reliable results.

Understanding Mesh Generation in ANSYS

The Role of Meshing in Simulation

Finite element analysis relies on the premise that a physical domain can be approximated by a network of
elements. Each element represents a small portion of the domain, and the solution is obtained by solving algebraic
equations derived from the governing physics. The fidelity of that solution depends heavily on the mesh: a fine
mesh captures gradients and localized effects, while a coarse mesh may overlook critical phenomena.

Why ANSYS? A Quick Overview

ANSYS offers a unified platform—Workbench—that integrates geometry creation, pre processing, solver execution,
and post processing. Its meshing engine, known asANSYS Meshing, supports a wide array of element types
(hexahedral, tetrahedral, pyramidal, prism, and more) and advanced mesh generation techniques such as adaptive
meshing and boundary layer refinement. The same mesh can be reused across multiple physics modules, saving
time and ensuring consistency.

Key Concepts in ANSYS Meshing

Mesh Types
e Structured Meshes — Regular, grid like patterns that are highly efficient for problems with simple geometries.
e Unstructured Meshes — Flexible meshes that can conform to complex shapes, typically using tetrahedral or
polyhedral elements.
e Hybrid Meshes — Combination of structured and unstructured elements to exploit the strengths of both.

Element Types

ANSYS Meshing supports dozens of element types. The choice depends on the physics, geometry, and required
accuracy:

* Hexahedral (C3D8, C3D20) — Excellent for structural analysis; produce high quality solutions with fewer
elements.

e Tetrahedral (TET4, TET10) — Ideal for complex geometries; easier to generate but may need refinement.

e Prismatic (PENTAG6, PENTA15) — Used for boundary layer modeling in fluid dynamics.

¢ Pyramidal (PYRA5, PYRA13) — Bridge between tetrahedral and prismatic elements.

Mesh Size and Size Functions



Mesh size controls how many elements are generated in a given region. In ANSYS, you can define size functions
that vary the element size based on geometric features, curvature, or user defined criteria. Size functions are the
foundation of adaptive meshing strategies.

Mesh Quality Metrics

Quality metrics assess how well elements meet shape, size, and distortion requirements. Common metrics include:
e Aspect Ratio — Ratio of longest to shortest edge; values close to 1 indicate better quality.
* Skewness — Measures deviation from an ideal shape; lower skewness leads to improved solver convergence.
» Jacobian Determinant — Indicates element validity; negative values signal inverted elements.

Mesh Controls

ANSYS Meshing offers a suite of controls that let you refine or coarsen the mesh in targeted regions:
e Size Controls — Set minimum, maximum, or target element sizes.
e Surface Controls — Refine or coarsen surfaces to capture boundary conditions accurately.

e Edge Controls — Apply local refinement along edges or fillets.
« Element Controls — Force specific element types or sizes in a region.

Preparing Your Geometry for Meshing

Clean Geometry is Key
Before meshing, ensure the geometry is free of gaps, overlapping surfaces, and non manifold edges. Use the
Geometry Repair tool in ANSYS DesignModeler or SpaceClaim to automatically fix common issues.

Divide the Model Strategically

For large models, consider dividing the geometry into sub domains or usingnodel partitioning. Partitioning helps
manage memory usage and allows independent meshing of critical regions.

Assign Physical Groups

Physical groups (or tags) help identify where boundary conditions will be applied. By labeling surfaces, edges, or
volumes, you can later link mesh controls to these groups, ensuring consistency between the mesh and the physics.

Using ANSYS Workbench for Mesh Generation

Step 1. Create a New Project
1. Open ANSYS Workbench.
2. Drag the desired analysis system (e.g., Structural — Static Structural) onto the Project Schematic.
3. Double click the Geometry cell to launch the geometry editor.
Step 2: Import or Create Geometry
1. Use DesignModeler or SpaceClaim to build or import CAD files.
2. Apply any necessary transformations (scale, rotate, merge).
3. Save the geometry and return to Workbench.
Step 3: Launch the Meshing Module

Double click theMeshcell. The Meshing workspace offers a toolbar with options for element types, mesh controls,
and quality metrics.

Step 4: Choose an Element Type



In the Mesh Controls panel, select the element type that best suits your analysis. For structural problems,
Hexahedral or Tetrahedral are common choices.

Step 5: Apply Size Controls

Under the Size Controls tab, set the Size Function to Minimum, Maximum, or Target. For complex geometries,
you may use Size Functions like Curvature or Feature to automatically adjust element size based on geometry.

Step 6: Refine Critical Regions

Use Surface Controls or Edge Controls to locally refine areas where high gradients or stresses are expected. For
example, apply a Refine control on a fillet to capture stress concentration accurately.

Step 7. Generate the Mesh

Click Generate Meshto let ANSYS create the elements. Once generated, you can view the mesh in the 3 D
viewport.

Mesh Control Techniques

Size Controls: Minimum, Maximum, and Target

The Minimum size sets the smallest element allowed, useful for capturing fine details. Maximum limits the largest
element, preventing overly coarse meshes. Targetattempts to keep elements around a specified size, balancing
between the two extremes.

Surface Controls: Refine, Coarsen, and Fix

¢ Refine — Increases element density on a surface.

e Coarsen — Decreases element density.

e Fix — Locks the surface mesh to prevent changes during global refinement.
Edge Controls: Size, Refine, and Smooth

Edge controls are crucial for capturing sharp corners and fillets. Use Size to set a specific edge length, Refine to
increase density, or Smooth to improve element quality along the edge.

Element Controls: Shape, Type, and Size

Element controls let you force a particular element shape or size in a region. For example, you can specify
Hexahedral elements in a high stress area while using tetrahedra elsewhere.

Boundary Layer Meshes
In fluid dynamics, capturing velocity gradients near walls requires a boundary layer mesh. ANSYS Meshing provides

Prismatic Layers that automatically generate layers of prism elements adjacent to surfaces. Adjust the Number of
Layers, Growth Rate, and Thickness to meet the desired y+ criteria.

Advanced Meshing Strategies

Adaptive Mesh Refinement

Adaptive meshing iteratively refines the mesh based on solution error estimates. In ANSYS, you can enable
Adaptive Mesh under the Mesh Controlspanel. After each simulation run, the solver identifies regions with high
residuals and refines the mesh accordingly.

Mesh Partitioning for Parallel Computing



Large models often require parallel processing. ANSYS Meshing can partition the mesh into subdomains that are
distributed across multiple processors. Use the Partitioningtool to split the model into logical groups, ensuring
balanced workload.

Mesh Transfer Between Systems

When working with coupled physics (e.g., fluid structure interaction), you may need to transfer meshes between
different ANSYS modules. The Mesh Transferfeature allows you to export a mesh from one system and import it
into another, preserving element connectivity and quality.

Using External Meshes

Sometimes you may prefer a specialized mesh generator (e.g., Gmsh, Abaqus). ANSYS accepts external meshes
in STL, IGES, or ANSYS Meshformats. After importing, you can apply additional controls or refine the mesh within
ANSYS.

Common Meshing Issues and How to Resolve Them

Inverted or Invalid Elements
Negative Jacobian determinants indicate inverted elements. To fix this, increase the mesh size or adjust the Mesh
Controls to enforce a minimum element quality. Use the Check Mesh tool to locate problematic elements.

Poor Convergence
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